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(54) ILLUMINATION OPTICAL DEVICE AND EXPOSURE SYSTEM WITH THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an illumination optical device in which 
compacting and the ensuring of excellent optical performance can be made to 
coexist. 

SOLUTION: The illumination optical device has a first optical integrators (6, 60) 
forming the first majority light sources based on luminous flux from a light 
source means (1), and the second optical integrator (8) forming a second 
majority light sources on the basis of luminous flux from a first majority light 
sources, and a surface to be irradiated (1 1) is lit by luminous flux from a second 
majority light sources. The illumination optical device has luminous-flux 
transducers (4, 40 and 41) converting luminous flux from the light source means 
into luminous flux having a fixed shape, and the first optical system (5) 
condensing luminous flux from the transducers and projecting the luminous flux 
to the first optical integrator from the oblique direction approximately 
symmetrically to an optical axis (AX). The number of openings of outgoing 
luminous flux from the transducers is set at a value larger than that of luminous 
flux from the first majority light sources. 
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3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]The 1st optical integrator for forming the 1st a large number light source which consists of many light sources based on light 
flux from a light source means. 

It is based on light flux from said 1st a large number light source, and they are many light sources more. 

A light flux sensing element for being the illumination optical device provided with the above, and changing light flux from said light 
source means into light flux of predetermined form, Condense light flux from said light flux sensing element, and it has the 1 st optical 
system for making it enter into said 1st optical integrator from an oblique direction almost symmetrically to a standard optic axis, A 
numerical aperture of emitted light flux from said light flux sensing element is set up more greatly than a numerical aperture of light 
flux from said 1 st a large number light source formed of said 1 st optical integrator. 

[Claim 2]The illumination optical device comprising according to claim 1: 

The 1 st diffraction optical element for said light flux sensing element to have two or more diffraction optical elements constituted to 
a lighting optical path enabling free insertion and detachment, and for said two or more diffraction optical elements change a parallel 
pencil from said light source means into light flux of a circle configuration. 

The 2nd diffraction optical element for changing a parallel pencil from said light source means into zona-orbicularis-like light flux. 
The 3rd diffraction optical element for changing into two or more light flux which carried out eccentricity of the parallel pencil from 
said light source means to said standard optic axis. 

[Claim 3]The illumination optical device according to claim 1 or 2 with which magnification is characterized by having the 1st variable 
variable power optical system in order that said 1 st optical system may change a zona-orbicularis ratio of a light source of the shape 
of plural poles which consists of two or more light sources which carried out eccentricity to a zona-orbicularis ratio or said standard 
optic axis of a light source of the shape of zona orbicularis formed as said 2nd a large number light source. 

[Claim 4]ln an optical path between said 1 st optical integrator and said 2nd optical integrator, Light flux from the 1 st a large number 
light source formed of said 1 st optical integrator is arranged by the 2nd optical system for leading to said 2nd optical integrator, and it 
said 2nd optical system. An illumination optical device given in any 1 clause of Claims 1-3 in order to change a size of said 2nd a large 
number light source, wherein magnification has the 2nd variable variable power optical system. 

[Claim 5]Said 1 st optical integrator has two or more micro fly eyes constituted to a lighting optical path enabling free insertion and 
detachment, and said two or more micro fly eyes, The 1st micro fly eye which consists of a microlens of a large number which have 
the 1st focal distance, An illumination optical device given in any 1 clause of Claims 1-4 having the 2nd micro fly eye which consists 
of a microlens of a large number which have the 2nd substantially different focal distance from said 1 st focal distance. 
[Claim 6]The illumination optical device according to claim 5, wherein a focal distance of each microlens which constitutes said 1st 
micro fly eye is set as a value of a request for forming a zona-orbicularis-like light source or a plural-poles-like light source which 
has a zona-orbicularis ratio of ranges from 2/3 to 3/4 as said 2nd a large number light source. 
[Claim 7]An exposure device comprising: 

An illumination optical device given in any 1 clause of Claims 1-6. 

A projection optical system for carrying out projection exposure of the pattern of a mask arranged in said irradiated plane to a 
photosensitive substrate. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the suitable illumination optical device for the exposure device for manufacturing 
micro devices, such as a semiconductor device, an image sensor, a liquid crystal display element, and a thin film magnetic head, by a 
lithography step especially about the exposure device provided with the illumination optical device and this illumination optical device. 
[0002] 

[Description of the Prior Art]ln this kind of typical exposure device, the light flux ejected from the light source forms the 1st a large 
number light source via the micro fly eye as the 1 st optical integrator. Subsequently, the light flux from the 1 st a large number light 
source forms the 2nd a large number light source, i.e., a secondary light source, via the fly eye lens as the 2nd optical integrator. The 
light flux from a secondary light source enters into a condenser tens, after being restricted via the aperture diaphragm arranged near 
the backside focal plane of a fly eye lens. 

[0003]The light flux condensed with the condenser lens illuminates in superposition the mask in which the predetermined pattern was 
formed. Image formation of the light which penetrated the pattern of the mask is carried out on a wafer via a projection optical 
system. In this way, on a wafer, projection exposure (transfer) of the mask pattern is carried out. The pattern formed in the mask is 
integrated highly and it is indispensable to transfer this minute pattern correctly on a wafer to acquire uniform illuminance distribution 
on a wafer. 

[0004]By changing the size of the opening (light transmission section) of the aperture diaphragm arranged at the injection side of a fly 
eye lens in recent years, The technology of changing the size of the secondary light source formed with a fly eye lens, and changing 
the coherency sigma of Lighting Sub-Division (sigma value = the pupil diameter of the diameter of an aperture diaphragm / projection 
optical system or the incidence side numerical aperture of the number of injection side openings / projection optical system of a 
sigma value = illumination-light study system) attracts attention. By setting up the form of the opening of the aperture diaphragm 
arranged at the injection side of a fly eye lens the shape of zona orbicularis, and in the shape of 4 holes (the shape of namely, 4 
poles), The form of the secondary light source formed with a fly eye lens is restricted the shape of zona orbicularis, and in the shape 
of 4 poles, and the technology of raising the depth of focus and resolution of a projection optical system attracts attention. 
[0005] 

[Problem to be solved by the invention]In this case, if it is going to realize the illumination optical device which restricts the form of a 
secondary light source the shape of zona orbicularis, and in the shape of 4 poles, and performs deformation illuminations (4 very 
zona-orbicularis Lighting Sub-Division, Lighting Sub-Division, etc.) and usual circular Lighting Sub-Division, avoiding the light volume 
loss in an aperture diaphragm good, It complicates and is not only easy to enlarge composition, but it is considered that manufacture 
becomes impossible actually depending on the case. 

[0006]This invention is made in view of above-mentioned SUBJECT, and is a thing. 

The purpose is to provide the exposure device provided with the illumination optical device and this illumination optical device which 
deformation illuminations, such as zona-orbicularis Lighting Sub-Division and 4 pole Lighting Sub-Division, and usual circular Lighting 
Sub-Division can be [ illumination optical device ] possible, stopping good, and can reconcile miniaturization and reservation of good 
optical performance. 

[0007] 

[Means for solving problem]The 1st optical integrator for forming the 1st a large number light source which consists of many light 
sources based on light flux from a light source means in this invention, in order to solve said SUBJECT, In an illumination optical 
device which is provided with the 2nd optical integrator for forming the 2nd a large number light source which consists of many light 
sources more based on light flux from said 1 st a large number light source, and illuminates an irradiated plane by light flux from said 
2nd a large number light source, A light flux sensing element for changing light flux from said light source means into light flux of 
predetermined form, Condense light flux from said light flux sensing element, and it has the 1st optical system for making it enter into 
said 1 st optical integrator from an oblique direction almost symmetrically to a standard optic axis, An illumination optical device, 
wherein a numerical aperture of emitted light flux from said light flux sensing element is set up more greatly than a numerical aperture 
of light flux from said 1 st a large number light source formed of said 1 st optical integrator is provided. 
[0008]According to the desirable mode of the 1st invention, said light flux sensing element is provided with the following. 
The 1 st diffraction optical element to have two or more diffraction optical elements constituted to a lighting optical path enabling free 
insertion and detachment, and for said two or more diffraction optical elements change a parallel pencil from said light source means 
into light flux of a circle configuration. 

The 2nd diffraction optical element for changing a parallel pencil from said light source means into zona-orbicularis-like light flux. 
The 3rd diffraction optical element for changing into two or more light flux which carried out eccentricity of the parallel pencil from 
said light source means to said standard optic axis. 
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[0009]According to the desirable mode of the 1st invention, in order that said 1st optical system may change the zona-orbicularis 
ratio of the light source of the shape of plural poles which consists of two or more light sources which carried out eccentricity to the 
zona-orbicularis ratio or said standard optic axis of a light source of the shape of zona orbicularis formed as said 2nd a large number 
light source, magnification has the 1 st variable variable power optical system. 

[001 0]According to the desirable mode of the 1st invention, in the optical path between said 1st optical integrator and said 2nd 
optical integrator, The 2nd optical system for leading the light flux from the 1 st a large number light source formed of said 1 st optical 
integrator to said 2nd optical integrator is arranged, and in order that said 2nd optical system may change the size of said 2nd a large 
number light source, magnification has the 2nd variable variable power optical system. 

[001 1]According to the desirable mode of the 1st invention, said 1st optical integrator is provided with the following. 
The 1 st micro fly eye which consists of a microlens of a large number which have two or more micro fly eyes constituted to the 
lighting optical path enabling free insertion and detachment, and in which said two or more micro fly eyes have the 1 st focal distance. 
The 2nd micro fly eye which consists of a microlens of a large number which have the 2nd substantially different focal distance from 
said 1 st focal distance. 

In this case, as for the focal distance of each microlens which constitutes said 1 st micro fly eye, it is preferred to be set as the value 
of the request for forming the zona-orbicularis-like light source or plural-poles-like light source which has a zona-orbicularis ratio of 
the ranges from 2/3 to 3/4 as said 2nd a large number light source. 

[001 2]According to another aspect of affairs of this invention, an exposure device provided with the projection optical system for 
carrying out projection exposure of the pattern of the illumination optical device concerning above-mentioned this invention and the 
mask arranged in said irradiated plane to a photosensitive substrate is provided. 
[0013] 

[Mode for carrying out the invention]ln the typical embodiment of this invention, the light flux from a light source means is changed 
into the light flux of the shape of zona orbicularis, or the shape of 4 poles, for example by a light flux sensing element like a diffraction 
optical element. It is condensed by the 1 st predetermined optical system and the light flux of the shape of this zona orbicularis or the 
shape of 4 poles enters into the 1st optical integrator like a micro fly eye from an oblique direction almost symmetrically to an optic 
axis. In this way, the 1st a large number light source is formed of a micro fly eye. The light flux from the 1st a large number light 
source forms the secondary light source of the 2nd a large number light source, the shape of i.e., zona orbicularis, or the shape of 4 
poles by the 2nd optical integrator like a fly eye lens, after passing the 2nd predetermined optical system. 

[0014]ln this invention, the numerical aperture of the emitted light flux from the diffraction optical element as a light flux sensing 
element is set up more greatly than the numerical aperture of the light flux from the 1st a large number light source formed of the 
micro fly eye as the 1 st optical integrator. By setting up more greatly than the numerical aperture of the light flux from the 1 st a large 
number light source the numerical aperture of the emitted light flux from a diffraction optical element, Enlargement of the 1 st optical 
system and the 2nd optical system can be avoided, and it can avoid that manufacture of a diffraction optical element, a micro fly eye, 
and the 2nd optical system becomes difficult so that it may mention later for details. 

[0015]As a result, in the illumination optical device of this invention, deformation illuminations, such as zona-orbicularis Lighting Sub- 
Division and 4 pole Lighting Sub-Division, and usual circular Lighting Sub-Division can be possible, suppressing a light volume loss 
good, and miniaturization and reservation of good optical performance can be reconciled. Therefore, in the exposure device 
incorporating the illumination optical device of this invention, the resolution and the depth of focus of a projection optical system 
suitable for the minute pattern which should carry out exposure projection can be obtained, and good high projection exposure of a 
throughput can be performed under high exposure illumination and a good exposing condition. In the exposure method which exposes 
the pattern of the mask arranged on an irradiated plane using the illumination optical device of this invention on a photosensitive 
substrate, since projection exposure can be performed under a good exposing condition, a good micro device can be manufactured. 
[0016]The embodiment of this invention is described based on an accompanying drawing. Drawing 1 is a figure showing roughly the 
composition of the exposure device provided with the illumination optical device concerning the embodiment of this invention. In 
drawing 1 , the X-axis is set up in the direction vertical to the space of drawing 1 along the normal line direction of the wafer which is 
a photosensitive substrate, respectively in [ to a direction parallel to the space of drawing 1 / in the Z-axis / / in a wafer surface ] a 
wafer surface for a Y-axis. In drawing 1 , it is set up so that an illumination optical device may perform zona-orbicularis Lighting Sub- 
Division. 

[001 7]The exposure device of drawing 1 is provided with the excimer laser which supplies light with a wavelength of 248 nm (KrF) or 
1 93 nm (ArF), for example as the light source 1 for supplying exposing light (illumination light). The almost parallel light flux ejected 
from the light source 1 along with the Z direction has a section of the rectangular shape prolonged long and slender in accordance 
with the direction of X, and enters into the beam expander 2 which consists of the cylindrical lens 2a and 2b of a couple. In the space 
of drawing 1 (inside of a YZ plane), each cylindrical lens 2a and 2b have negative refracting power and positive refracting power, 
respectively, and function as a plane-parallel plate in the field which intersects perpendicularly with space including the optic axis AX 
(inside of XZ flat surface). Therefore, in the space of drawing 1 , the light flux which entered into the beam expander 2 is expanded, 
and is orthopedically operated by the light flux which has a section of predetermined rectangular shape. 

[0018]The almost parallel light flux through the beam expander 2 as a plastic surgery optical system enters into the diffraction optical 
element (DOE) 4 for zona-orbicularis Lighting Sub-Division, after being deflected in the direction of Y by the bending mirror 3. 
Generally, a diffraction optical element is constituted by forming the level difference which has a pitch about the wavelength of 
exposing light (illumination light) in a glass substrate, and has the operation diffracted at the angle of a request of an incident beam. 
The diffraction optical element 4 for zona-orbicularis Lighting Sub-Division makes the optic axis AX and parallel emit radiately the 
thin light flux which carried out vertical incidence according to one predetermined angle of divergence, as shown in drawing 2 (a). A 
paraphrase will diffract with equiangularity the thin light flux which carried out vertical incidence to the diffraction optical element 4 in 
accordance with the optic axis AX in accordance with all directions centering on the optic axis AX. As a result, the thin light flux 
which carried out vertical incidence to the diffraction optical element 4 is changed into the sending light bunch which has a section of 
ring shape. 

[001 9]Therefore, after being changed into zona-orbicularis-like light flux if the thick parallel pencil carried out vertical incidence to 
the diffraction optical element 4 as shown in drawing 2 (b), the image (light source image of ring shape) 32 of ring shape is formed in 
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the focal position of the lens 31 arranged behind the diffraction optical element 4. That is, the diffraction optical element 4 forms the 
light intensity distribution of ring shape in a far field (or Fraunhofer diffraction field). The lens 31 makes the light intensity distribution 
of the ring shape formed in a far field (or Fraunhofer diffraction field) form on an after that side focal plane. Thus, the diffraction 
optical element 4 constitutes the light flux sensing element for changing the light flux from the light source 1 into zona-orbicularis- 
like light flux substantially. 

[0020]in addition — the diffraction optical element 4 is constituted to a lighting optical path, enabling free insertion and detachment - 
- 4 — it is constituted so that the diffraction optical element 40 and the diffraction optical element 41 usually for circular Lighting 
Sub-Division very for Lighting Sub-Division, and a change are possible. Composition and an operation of the diffraction optical 
element 40 for 4 pole Lighting Sub-Division and the diffraction optical element 41 usually for circular Lighting Sub-Division are 
mentioned later. Here, the change between the diffraction optical element 4 for zona-orbicularis Lighting Sub-Division, the diffraction 
optical element 40 for 4 pole Lighting Sub-Division, and the diffraction optical element 41 usually for circular Lighting Sub-Division is 
performed by the 1st drive system 22 that operates based on the instructions from the control system 21. 

[0021 ]The light flux of the shape of zona orbicularis formed via the diffraction optical element 4 enters into the afocal zoom lens 5. 
Maintaining the diffracting plane of the diffraction optical element 4, and the entrance plane of the micro fly eye 6 mentioned later in 
an optical almost conjugate relation, and maintaining an afocal system (non-focal optical system), the afocal zoom lens 5 is 
constituted so that magnification can be continuously changed in the predetermined range. Here, magnification change of the afocal 
zoom lens 5 is performed by the 2nd drive system 23 that operates based on the instructions from the control system 21. 
[0022]The light flux of the shape of zona orbicularis formed via the diffraction optical element 4 enters into the afocal zoom lens 5, 
and forms the light source image of ring shape in the pupil surface. The light from the light source image of this ring shape serves as 
a parallel pencil mostly, is ejected from the afocal zoom lens 5, and enters into the micro fly eye 6. At this time, light flux enters into 
the entrance plane of the micro fly eye 6 from an oblique direction almost symmetrically to the optic axis AX. The micro fly eye 6 is 
an optical element which consists of a microlens which has the positive refractive power of the regular hexagon shape of a large 
number arranged densely and in all directions. Generally, a micro fly eye is constituted by performing an etching process, for example 
to a plane parallel plate board, and forming a microlens group. 

[0023]Here, each microlens which constitutes a micro fly eye is minuter than each lens element which constitutes a fly eye lens. 
Unlike the fly eye lens which consists of a lens element isolated mutually, the micro fly eye is formed in one, without isolating many 
microlenses mutually. However, the micro fly eye is the same as a fly eye lens at the point that the lens element which has positive 
refractive power is arranged in all directions. In drawing 1 , the number of the microlenses which constitute the micro fly eye 6 for 
clear-izing of Drawings is set up very less than the actual condition. 

[0024]Therefore, the light flux which entered into the micro fly eye 6 is divided in two dimensions by many microlenses, and the light 
source (condensing point) of one ring shape is formed in the backside focal plane of each microlens, respectively. Thus, the micro fly 
eye 6 constitutes the 1 st optical integrator for forming the 1 st a large number light source which consists of many light sources 
based on the light flux from the light source 1 . 

[0025]The micro fly eye 6 is constituted so that the micro fly eye 60 which is constituted to a lighting optical path, enabling free 
insertion and detachment, and differs in the focal distance of a microlens in the micro fly eye 6, and a change are possible. The 
change between the micro fly eye 6 and the micro fly eye 60 is performed by the 3rd drive system 24 that operates based on the 
instructions from the control system 21 . 

[0026]The light flux from the light source of a large number formed in the backside focal plane of the micro fly eye 6 illuminates the 
fly eye lens 8 as the 2nd optical integrator in superposition via the zoom lens 7. The zoom lens 7 is a relay optical system to which a 
focal distance can be continuously changed in the predetermined range, and has connected optically the backside focal plane of the 
micro fly eye 6, and the backside focal plane of the fly eye lens 8 to conjugate mostly. If it puts in another way, the zoom lens 7 has 
connected substantially the backside focal plane of the micro fly eye 6, and the entrance plane of the fly eye lens 8 to the relation of 
the Fourier transform. 

[0027]Therefore, every time it attracts the light flux from the light source of the ring shape of a large number formed in the backside 
focal plane of the micro fly eye 6 to the backside focal plane of the zoom lens 7, it forms the radiation field of the shape of zona 
orbicularis centering on the optic axis AX in it at the entrance plane of the fly eye lens 8. The size of the radiation field of the shape 
of this zona orbicularis changes depending on the focal distance of the zoom lens 7. Change of the focal distance of the zoom lens 7 
is performed by the 4th drive system 25 that operates based on the instructions from the control system 21. 

[0028]The fly eye lens 8 is constituted by arranging the lens element of a large number which have positive refracting power densely 
and in all directions. Each lens element which constitutes the fly eye lens 8 has a section of rectangular shape [ **** / the form (as 
a result, form of the exposure region which should be formed on a wafer) of the radiation field which should be formed on a mask ]. 
The field by the side of incidence of each lens element which constitutes the fly eye lens 8 is formed in the sphere form which turned 
the convex to the incidence side, and the field by the side of an injection is formed in the sphere form which turned the convex to the 
injection side. 

[0029]Therefore, the light flux which entered into the fly eye lens 8 is divided in two dimensions by many lens elements, and many 
light sources are formed in the backside focal plane of each lens element into which light flux entered, respectively. In this way, the 
substantial surface light source (henceforth a "secondary light source") of the shape of zona orbicularis which has the almost same 
light intensity distribution as the radiation field formed of the incoming beam to the fly eye lens 8 is formed in the backside focal plane 
of the fly eye lens 8. Thus, the fly eye lens 8 constitutes the 2nd optical integrator for forming the 2nd a large number light source 
which consists of many light sources more based on the light flux from the 1 st a large number light source formed in the backside 
focal plane of the micro fly eye 6 which is the 1 st optical integrator. 

[0030]The light flux from the secondary light source of the shape of zona orbicularis formed in the backside focal plane of the fly eye 
lens 8 enters into the aperture diaphragm 9 arranged in the neighborhood. This aperture diaphragm 9 is supported on the turret (rotor 
plate : drawing 1 un-illustrating) pivotable to the circumference of a predetermined axis line parallel to the optic axis AX. 
[0031] Drawing 3 is a figure in which two or more aperture diaphragms show roughly the composition of the turret arranged at 
circumference shape. As shown in drawing 3 , eight aperture diaphragms which have a light transmission region shown in the turret 
board 400 with the slash in a figure are provided along with the circumferencial direction. The turret board 400 is constituted 
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pivotable through the central point O at the circumference of an axis line parallel to the optic axis AX. Therefore, one aperture 
diaphragm chosen from eight aperture diaphragms can be positioned in a lighting optical path by rotating the turret board 400. 
Rotation of the turret board 400 is performed by the 5th drive system 26 that operates based on the instructions from the control 
system 21. 

[0032]The three zona-orbicularis aperture diaphragms 401, 403, and 405 from which a zona-orbicularis ratio differs are formed in the 
turret board 400. Here, the zona-orbicularis aperture diaphragm 401 has a transmission region of the shape of zona orbicularis which 
has a zona-orbicularis ratio of r1 1/r21. The zona-orbicularis aperture diaphragm 403 has a transmission region of the shape of zona 
orbicularis which has a zona-orbicularis ratio of r12/r22. The zona-orbicularis aperture diaphragm 405 has a transmission region of 
the shape of zona orbicularis which has a zona-orbicularis ratio of r13/r21. 

[0033]Three 4 pole aperture diaphragms 402, 404, and 406 from which a zona-orbicularis ratio differs are formed in the turret board 
400. Here, in the zona-orbicularis-like field which has a zona-orbicularis ratio of r1 1/r21, 4 pole aperture diaphragm 402 has four 
circular transmission regions which carried out eccentricity. In the zona-orbicularis-like field which has a zona-orbicularis ratio of 
r12/r22, 4 pole aperture diaphragm 404 has four circular transmission regions which carried out eccentricity. In the zona-orbicularis- 
like field which has a zona-orbicularis ratio of r13/r21, 4 pole aperture diaphragm 406 has four circular transmission regions which 
carried out eccentricity. 

[0034]Two circular opening diaphragms 407 and 408 from which a size (caliber) differs are formed in the turret board 400. Here, the 
circular opening diaphragm 407 has a circular transmission region of the size of two r22, and the circular opening diaphragm 408 has a 
circular transmission region of the size of two r21. 

[0035]Therefore, by choosing zona-orbicularis 1 of the three zona-orbicularis aperture diaphragms 401, 403, and 405, and positioning 
in a lighting optical path, the zona-orbicularis light flux which has three different zona-orbicularis ratios can be restricted correctly 
(regulation), and three kinds of zona-orbicularis Lighting Sub-Division with which zona-orbicularis ratios differ can be performed, 
three 4 — very — one 4 in the aperture diaphragms 402, 404, and 406 — three kinds of 4 from which restricts correctly four 
eccentricity light flux which has three different zona-orbicularis ratios by choosing an aperture diaphragm very much and positioning 
in a lighting optical path, and a zona-orbicularis ratio differs — it can illuminate very much. Two kinds of usual circular Lighting Sub- 
Division with which sigma values differ can be performed by choosing circular opening 1 of two circular opening diaphragms 407 and 
408, and positioning in a lighting optical path. 

[0036]In drawing 1 , since a secondary zona-orbicularis-like light source is formed in the backside focal plane of the fly eye lens 8, one 
zona-orbicularis aperture diaphragm chosen from the three zona-orbicularis aperture diaphragms 401, 403, and 405 as the aperture 
diaphragm 9 is used. However, it is illustration-like [ the composition of the turret shown in drawing 3 J , and the kind and number of 
aperture diaphragms which are arranged are not limited to this. The possible aperture diaphragm of changing the size and form of a 
light transmission area suitably may be attached fixed in a lighting optical path, without being limited to the aperture diaphragm of a 
turret system. It can replace with two circular opening diaphragms 407 and 408, and the tris diaphragm to which the diameter of a 
circular opening can be changed continuously can also be provided. 

[0037]The light from the secondary light source through the aperture diaphragm 9 which has a zona-orbicularis-like opening (light 
transmission section) carries out uniform illumination of the mask 1 1 in which the predetermined pattern was formed in superposition, 
after receiving a condensing operation of the condenser optical systems 10. The light flux which penetrated the pattern of the mask 
1 1 forms the image of a mask pattern via the projection optical system 12 on the wafer 13 which is a photosensitive substrate. In this 
way, the pattern of the mask 1 1 is exposed one by one by each exposure region of the wafer 1 3 by performing one-shot exposure or 
scan exposure, carrying out drive controlling of the wafer 1 3 in two dimensions into the flat surface (XY plane) which intersects 
perpendicularly with the optic axis AX of the projection optical system 1 2. 

[0038]In one-shot exposure, a mask pattern is exposed in package to each exposure region of a wafer according to what is called a 
step-and-repeat system. In this case, the form of the illuminated field on the mask 1 1 is the rectangular shape near a square, and 
turns into rectangular shape also with the sectional shape of each lens element of the fly eye lens 8 near a square. On the other 
hand, in scan exposure, scan exposure of the mask pattern is carried out to each exposure region of a wafer, carrying out relative 
displacement of a mask and the wafer to a projection optical system according to what is called a step and scanning method. In this 
case, the ratio of a shorter side and a long side is the rectangular shape of 1 :3, and the form of the illuminated field on the mask 1 1 
turns into rectangular shape [ **** / the sectional shape of each lens element of the fly eye lens 8 / this ]. 

[0039] Drawing 4 is a figure showing roughly the composition from the diffraction optical element 4 to the entrance plane of the micro 
fly eye 6, and is a figure explaining an operation of the afocal zoom lens 5. As shown in drawing 4 (a), the light flux diffracted by the 
diffraction optical element 4 in accordance with all directions to the optic axis AX with the equiangularity of the angle alpha, After 
passing the afocal zoom lens 5 of the magnification ml, in accordance with all directions, oblique incidence is carried out to the 
entrance plane of the micro fly eye 6 to the optic axis AX with the equiangularity of the angle theta 1. The size of the radiation field 
formed in the entrance plane of a micro fly eye at this time is d1. 

[0040]lf the magnification of the afocal zoom lens 5 is changed to m2 from ml as shown in drawing 4 (b), here, After the light flux 
diffracted by the diffraction optical element 4 in accordance with all directions to the optic axis AX with the equiangularity of the 
angle alpha passes the afocal zoom lens 5 of the magnification m2, in accordance with all directions, oblique incidence of it is carried 
out to the entrance plane of the micro fly eye 6 to the optic axis AX with the equiangularity of the angle theta 2. The size of the 
radiation field formed in the entrance plane of the micro fly eye 6 at this time is d2. 

[004l]The sizes d1 and d2 of the radiation field formed in the degrees thetal and theta2 of incidence angle of the light flux to the 
entrance plane of the micro fly eye 6, and the entrance plane of the micro fly eye 6 here, Among the . magnifications ml and m2 of the 
afocal zoom lens 5, the relation shown in the following formula (1) and (2) is materialized. 
theta2=(m1/m2) -thetal (1) 
d2=(m2/m1)-d1 (2) 

[0042]When a formula (1) is referred to, by changing the magnification m of the afocal zoom lens 5 continuously shows that the 
degree theta of incidence angle of the light flux to the entrance plane of the micro fly eye 6 can be changed continuously. 
[0043] Drawing 5 is a figure showing roughly the composition from the micro fly eye 6 to the aperture diaphragm 9, and is a figure 
showing signs that the light flux which carried out oblique incidence to the entrance plane of the micro fly eye 6 forms a zona- 
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orbicularis-like radiation field in the entrance plane of the fly eye lens 8. As a solid line shows drawing 5 (a), the light flux which 
carried out oblique incidence from the predetermined direction at an angle of predetermined to the entrance plane of the micro fly 
eye 6, Holding an angle, even after carrying out image formation via each microlens, oblique incidence is carried out to the zoom lens 
7, and the radiation field which has predetermined width in the position which carried out eccentricity only of the predetermined 
distance from the optic axis AX in the entrance plane of the fly eye lens 8 is formed. 

[0044] Actually, as a dashed line shows drawing 5 (a), light flux enters into the entrance plane of the micro fly eye 6 from an oblique 
direction almost symmetrically to the optic axis AX. If it puts in another way, in accordance with all directions, light flux will carry out 
oblique incidence with equi angularity a center [ the optic axis AX ]. Therefore, as shown in drawing 5 (b), the radiation field of the 
shape of zona orbicularis centering on the optic axis AX will be formed in the entrance plane of the fly eye lens 8. The secondary light 
source of the shape of same zona orbicularis as the radiation field formed in the entrance plane will be formed in the backside focal 
plane of the fly eye lens 8. 

[0045]On the other hand, as mentioned above, the opening (see 401,403,405 of drawing 3 ) of the shape of zona orbicularis 
corresponding to a secondary zona-orbicularis-like light source is formed in the zona-orbicularis aperture diaphragm 9 arranged near 
the backside focal plane of the fly eye lens 8. In this way, a secondary zona-orbicularis-like light source can be formed without almost 
carrying out a light volume loss based on the light flux from the light source 1, and zona-orbicularis Lighting Sub-Division can be 
performed, without almost carrying out a light volume loss in the zona-orbicularis aperture diaphragm 9 which, as a result, restricts 
the light flux from a secondary light source. 

[0046] Drawing 6 is a figure showing roughly the composition from the diffraction optical element 4 to the entrance plane of the fly eye 
lens 8, and is a figure explaining the magnification of the afocal zoom lens 5 and the focal distance of the zoom lens 7, the size of the 
radiation field of the shape of zona orbicularis formed in the entrance plane of the fly eye lens 8, and a relation with form. In drawing 
6, the beam of light ejected from the diffraction optical element 4 with the degree alpha of angle of diffraction enters into the micro 
fly eye 6 at the angle theta to the optic axis AX, after passing the afocal zoom lens 5 of the magnification m. That is. numerical 
aperture NA1 of the emitted light flux from the diffraction optical element 4 is expressed with NA1=n-sinalpha (n is a refractive index 
of space). 

[0047]As for the micro fly eye 6, the focal distance is constituted for size (diameter of circle circumscribed to each microlens of 
regular hexagon shape) from the microlens of f1 by a. The center light ejected from each light source formed of the micro fly eye 6 
with the degree theta of angle of emergence reaches the entrance plane of the fly eye lens 8 via the zoom lens 7 of the focal 
distance f2. Similarly, the beam group ejected from each light source to center light in the predetermined angle range (the degree beta 
of the maximum angle of emergence) also reaches the entrance plane of the fly eye lens 8. In this way, the incidence range of the 
light flux in the entrance plane of the fly eye lens 8 turns into a range which has the width b focusing on the height of y from the 
optic axis AX. That is, as shown in drawing 5 (b), the radiation field formed in the entrance plane of the fly eye lens 8 and by 
extension, the secondary light source formed in the backside focal plane of the fly eye lens 8 will have height y from the optic axis 
AX, and will have the width b. 

[0048]By the way, when a parallel pencil enters into the micro fly eye 6 and half width of the difference angle of the emitted light flux 
from each light source formed is set to gamma, the numerical aperture of the micro fly eye 6 is expressed with n-singamma. Since 
light flux enters into the entrance plane of the micro fly eye 6 from an oblique direction with the degree theta of incidence angle in 
this embodiment (a paraphrase will enter convergence light flux), The degree beta of the maximum angle of emergence of the emitted 
light flux from each light source formed of the micro fly eye 6 is expressed with total with the angle gamma corresponding to 
numerical aperture n-singamma of the micro fly eye 6 mentioned above with the degree theta of incidence angle to the micro fly eye 
6. And numerical aperture NA2 of the emitted light flux from each light source formed of the micro fly eye 6 is expressed with 
NA2=n-sinbeta. 

[0049]Here, between the degrees theta of incidence angle to the half width (angle of diffraction) alpha and the micro fly eye 6 of a 
difference angle of emitted light flux from the diffraction optical element 4, the relation shown by the following formula (3) is 
materialized. 
theta=(1/m) -alpha (3) 

[0050]Height [ of a secondary zona-orbicularis-like light source ] y and its width b are expressed with the following formula (4) and 
(5), respectively. 

y=f2. sin theta=f 2, and sin (alpha/m) (4) 
b=(f2/f1)-a(5) 

[0051]The degree beta of the maximum angle of emergence of the emitted light flux from each light source formed of the micro fly 

eye 6 is expressed with the following formula (6). 

beta=(a/2)/f1=(a/f1)/2(6) 

[0052]Therefore, the zona-orbicularis ratio A specified by the ratio of inside diameter phii of a secondary zona-orbicularis-like light 

source and outer diameter phio is expressed with the following formula (7). 

[Mathematical formula 1] 

A=phii/phio=(2 y-b)/(2 y+b) 

= {2f2 and sin (alpha/m) - (f 2/f 1 ) -a) 

/{2f2 and sin (alpha/m) +<f2/fl) -a] 

= {2sin(alpha/m)-a/fl) 

/{2sin(alpha/m)+a/f1] 

= {sin(alpha/m)-beta) / (sin(alpha/m) +beta) (7) 

[0053]Outer diameter phio of a secondary zona-orbicularis-like light source is expressed with the following formula (8). 
[Mathematical formula 2] 
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<f>o =2 y + b 

= 2 f 2 -sin( a/m) + (a/f 1) • f 2 
= 2 f 2 -sin( a/m) + 2j3 • f 2 (8) 

[0054]Modification of a formula (8) will obtain the relation shown in the following formula (9). 
f2=phio /{2 sin (alpha/m) + (a/f 1)1 (9) 

In this way, when the magnification m of the afocal zoom lens 5 changes without the focal distance f2 of the zoom lens 7 changing if 
the formula (4) and (5) is referred to, it turns out that only the height y changes, without the width b of a secondary zona-orbicularis- 
like light source changing. That is, the size (outer diameter phio) and its form (zona-orbicularis ratio A) can be changed [ both ] by 
changing the magnification m of the afocal zoom lens 5, without changing the width b of a secondary zona-orbicularis-like light 
source. 

[0055]When only the focal distance f2 of the zoom lens 7 changes without the magnification m of the afocal zoom lens 5 changing if 
the formula (4) and (5) is referred to, it turns out that the width b of a secondary zona-orbicularis-like light source and its height y 
change in proportion to both the focal distances f2. That is, only the size (outer diameter phio) can be changed by changing only the 
focal distance f2 of the zoom lens 7, without changing the form (zona-orbicularis ratio A) of a secondary zona-orbicularis-like light 
source. 

[0056]By changing the magnification m of the afocal zoom lens 5, and the focal distance f2 of the zoom lens 7 so that the relation of 
a formula (9) may be filled to outer diameter phio of a fixed size if the formula (7) and (9) is referred to, It turns out that only the form 
(zona-orbicularis ratio A) can be changed without changing the size (outer diameter phio) of a secondary zona-orbicularis-like light 
source. 

[0057]By the way, according to the realistic numerical embodiment the half width (angle of diffraction) alpha of the difference angle 
of the emitted light flux from the diffraction optical element 4 is set up, for example within the limits of 4 times - 7 times. This is 
because the tendency for the transmissivity to fall becomes remarkable while manufacture of the diffraction optical element 4 will 
become difficult, if alpha becomes larger than 7 times. If alpha becomes larger than 7 times, the path of the afocal ZUZUMU lens 5 will 
become large, and equipment will be enlarged by extension. 

[0058]In order to maintain outer diameter phio of a secondary zona-orbicularis-like light source at a predetermined value if alpha 
becomes larger than 7 times so that it may turn out that an above-mentioned formula (8) is referred to, it is necessary to set up 
small the focal distance f2 of the zoom lens 7. As a result, the necessary f number of the zoom lens 7 will become small too much, 
and manufacture of the zoom lens 7 will become difficult In order to maintain outer diameter phio of a secondary zona-orbicularis- 
like light source at a predetermined value if alpha becomes smaller than 4 times so that it may turn out that an above-mentioned 
formula (8) is referred to on the other hand, it is necessary to set up greatly the focal distance f2 of the zoom lens 7. As a result, the 
overall length of the zoom lens 7 will become large, and equipment will be enlarged by extension. 

[0059] Next, according to the realistic numerical embodiment, the degree beta of the maximum angle of emergence of the emitted light 
flux from each light source formed of the micro fly eye 6 is set up, for example within the limits of 1 time - 3 times. If beta becomes 
larger than 3 times so that it may turn out that an above-mentioned formula (6) is referred to, it is necessary to set up small the 
focal distance f1 of each microlens of the micro fly eye 6. As a result, it will become difficult to give necessary curvature to each 
microlens, and manufacture of the micro fly eye 6 will become difficult by extension. 

[0060]ln order to maintain outer diameter phio of a secondary zona-orbicularis-like light source at a predetermined value if beta 
becomes larger than 3 times so that it may turn out that an above-mentioned formula (8) is referred to, it is necessary to set up 
small the focal distance f2 of the zoom lens 7. As a result, the necessary f number of the zoom lens 7 will become small too much, 
and manufacture of the zoom lens 7 will become difficult In order to maintain outer diameter phio of a secondary zona-orbicularis- 
like light source at a predetermined value if beta becomes smaller than 1 time so that it may turn out that an above-mentioned 
formula (8) is referred to on the other hand, it is necessary to set up greatly the focal distance f2 of the zoom lens 7. As a result, the 
overall length of the zoom lens 7 will become large, and equipment will be enlarged by extension. 

[0061] As mentioned above, in a realistic numerical embodiment of this embodiment, in order to reconcile miniaturization and 
reservation of good optical performance, It turns out that it is required to set up more greatly than the degree beta of the maximum 
angle of emergence of emitted light flux from each light source formed of the micro fly eye 6 the half width (angle of diffraction) alpha 
of a difference angle of emitted light flux from the diffraction optical element 4. By setting up more greatly than numerical aperture 
NA2=n-sinbeta of emitted light flux from each light source formed of the micro fly eye 6 numerical aperture NA1 =n-sinalpha of 
emitted light flux from the diffraction optical element 4, if it puts in another way, Miniaturization and reservation of good optical 
performance can be reconciled. 

[0062]By the way, according to the realistic numerical embodiment it becomes possible by setting the focal distance f1 of each 
microlens of the micro fly eye 6 as about 3.3 mm to change a zona-orbicularis ratio of a secondary light source continuously [ the 
range of 1 / 2 - 2/3 ]. It becomes possible by setting the focal distance f1 of each microlens of the micro fly eye 6 as about 5.0 mm 
to change a zona-orbicularis ratio of a secondary light source continuously [ the range of 2 / 3 - 3/4 ]. So, the micro fly eye 6 whose 
focal distance f1 is about 3.3 mm, for example, and the micro fly eye 60 whose focal distance f 1 is about 5.0 mm consist of these 
embodiments so that a change is possible. 

[0063]Therefore, the micro fly eye 6 is able to change the zona-orbicularis ratio of a secondary light source continuously [ the range 
of 1 / 2 - 2/3 ] in the state of drawing 1 set up into the lighting optical path. If it replaces with the micro fly eye 6 and the micro fly 
eye 60 is set up into a lighting optical path, it will become possible to change the zona-orbicularis ratio of a secondary light source 
continuously [ the range of 2 / 3 - 3/4 ]. In this way, in this embodiment, it is possible to change the zona-orbicularis ratio of a 
secondary light source continuously [ the range of 1 / 2 - 3/4 ]. 

[0064]by the way — as mentioned above, the diffraction optical element 4 is constituted to a lighting optical path, enabling free 
insertion and detachment — 4 [ and ] — it is constituted so that the diffraction optical element 40 and the diffraction optical element 
41 usually for circular Lighting Sub-Division very for Lighting Sub-Division, and a change are possible. 4 pole Lighting Sub-Division 
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obtained by replacing with the diffraction optical element 4 and setting up the diffraction optical element 40 into a lighting optical path 
hereafter is explained briefly. 

[0065]The diffraction optical element 40 for 4 pole Lighting Sub-Division changes the thin light flux which carried out vertical 
incidence to the optic axis AX at parallel into four light flux which progresses according to a predetermined angle of emergence, as 
shown in drawing 7 (a). If it puts in another way, in accordance with four specific directions, it will diffract with equiangularity 
centering on the optic axis AX, and the thin light flux which carried out vertical incidence in accordance with the optic axis AX will 
turn into four thin light flux. More particularly, the thin light flux which carried out vertical incidence to the diffraction optical element 
40 will be changed into four light flux, the quadrangle which connects the passage central point of four light flux which passes through 
the field of back parallel to the diffraction optical element 40 will turn into a square, and the center of the square will exist on the 
incidence-axis line to the diffraction optica! element 40. 

[0066]Therefore, if a thick parallel pencil carries out vertical incidence to the diffraction optical element 40 as shown in drawing 7 (b), 
it will be changed into four light flux and the four points (punctiform light source image) 72 will be too formed in the focal position of 
the lens 71 arranged behind the diffraction optical element 40. Therefore, the light flux through the diffraction optical element 40 
forms four points in the pupil surface of the afocal zoom lens 5. The light from these four points serves as a parallel pencil mostly, is 
ejected from the afocal zoom lens 5, and forms the 1 st a large number light source in the backside focal plane of the micro fly eye 6 
(or 60). 

[0Q67]The light flux from the 1 st a large number light source formed in the backside focal plane of the micro fly eye 6 (or 60) forms 
the radiation field of the shape of 4 poles which consists of four radiation fields which carried out eccentricity to the entrance plane 
of the fly eye lens 8 symmetrically to the optic axis AX via the zoom lens 7. As a result, the secondary light source which has the 
almost same light intensity as the radiation field formed in the entrance plane, i.e., the secondary light source of the shape of 4 poles 
which consists of the four surface light sources which carried out eccentricity symmetrically to the optic axis AX, is formed in the 
backside focal plane of the fly eye lens 8. 

[0068]Corresponding to the change to the diffraction optical element 40 from the diffraction optical element 4, the change to the 
aperture diaphragm 9a from the zona-orbicularis aperture diaphragm 9 is performed. The aperture diaphragm 9a is one 4 pole aperture 
diaphragm chosen from three 4 pole aperture diaphragms 402, 404, and 406 shown in drawing 3 . Thus, also when using the diffraction 
optical element 40 for 4 pole Lighting Sub-Division, a secondary 4 pole-like light source can be formed, without almost carrying out a 
light volume loss based on the light flux from the light source 1, 4 pole Lighting Sub-Division can be performed suppressing the light 
volume loss in the aperture diaphragm 9a which, as a result, restricts the light flux from a secondary light source good. 
[0069]4 pole-like the outer diameter (size) and zona-orbicularis ratio (form) of a secondary light source can be similarly defined as a 
secondary zona-orbicularis-like light source. That is, the outer diameter of a secondary 4 pole-like light source is a diameter of circle 
circumscribed to the four surface light sources. The zona-orbicularis ratio of a secondary 4 pole-like light source is a ratio of a 
diameter of circle, i.e., an inside diameter, to the diameter of circle, i.e., the outer diameter, which are circumscribed to the four 
surface light sources inscribed in the four surface light sources. 

[0070]ln this way, both outer diameter phio of a secondary 4 pole-like light source and the zona-orbicularis ratio A can be changed by 
changing the magnification m of the afocal zoom lens 5 like the case of zona-orbicularis Lighting Sub-Division. The outer diameter 
phio can be changed by changing the focal distance f2 of the zoom lens 7, without changing the zona-orbicularis ratio A of a 
secondary 4 pole-like light source. As a result, the zona-orbicularis ratio A can be changed by changing suitably the magnification m 
of the afocal zoom lens 5, and the focal distance f2 of the zoom lens 7, without changing outer diameter phio of a secondary 4 pole- 
like light source. 

[0071]Subsequently, usual circular Lighting Sub-Division obtained by replacing with the diffraction optical element 4 or 40, and setting 
up the diffraction optical element 41 for circular Lighting Sub-Division into a lighting optical path is explained. The diffraction optical 
element 41 for circular Lighting Sub-Division has the function to change the light flux of the rectangular shape which entered into the 
light flux of a circle configuration. Therefore, the circular light flux formed of the diffraction optical element 41 is expanded according 
to the magnification by the afocal zoom lens 5 (or reduction), and enters into the micro fly eye 6 (or 60). In this way, the 1 st a large 
number light source is formed in the backside focal plane of the micro fly eye 6 (or 60). 

[0072]ln the entrance plane of the fly eye lens 8, the light flux from the 1 st a large number light source formed in the backside focal 
plane of the micro fly eye 6 (or 60) forms the radiation field of the circle configuration centering on the optic axis AX via the zoom 
lens 7. As a result, the secondary light source of the circle configuration centering on the optic axis AX is formed also in the backside 
focal plane of the fly eye lens 8. In this case, the outer diameter of the secondary light source of a circle configuration can be suitably 
changed by changing the focal distance f2 of the zoom lens 7. 

[0073]Corresponding to the change to the diffraction optical element 41 for circular Lighting Sub-Division from the diffraction optical 
element 4 or 40, the change to the circular opening diaphragm 9b from the zona-orbicularis aperture diaphragm 9 or 4 pole aperture 
diaphragm 9a is performed. The circular opening diaphragm 9b is one circular opening diaphragm chosen from two circular opening 
diaphragms 407 and 408 shown in drawing 3 , and has an opening of the size corresponding to the secondary light source of a circle 
configuration. Thus, by using the diffraction optical element 41 for circular Lighting Sub-Division, without almost carrying out a light 
volume loss based on the light flux from the light source 1, the secondary light source of a circle configuration is formed, and circular 
Lighting Sub-Division can usually be performed, suppressing the light volume loss in the aperture diaphragm which restricts the light 
flux from a secondary light source good. 

[007 4] Hereafter, the switching operation of Lighting Sub-Division in this embodiment, etc. are explained concretely. First the 
information about various kinds of masks which should be exposed one by one according to a step-and-repeat system or a step and 
scanning method, etc. are inputted into the control system 21 via the input means 20 of a keyboard etc. The control system 21 has 
memorized information, including the optimal line width (resolution) about various kinds of masks, the depth of focus, etc., to the 
internal memory part, answers the input from the input means 20, and supplies the suitable control signal for the 1 st drive system 22 
- the 5th drive system 26. 

[0075]That is, when carrying out zona-orbicularis Lighting Sub-Division under the optimal resolution and the depth of focus, the 1st 
drive system 22 positions the diffraction optical element 4 for zona-orbicularis Lighting Sub-Division in a lighting optical path based 
on the instructions from the control system 21. And in order to obtain the secondary light source of the shape of zona orbicularis 
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which has a desired size (outer diameter) and form (zona-orbicularis ratio) in the backside focal plane of the fly eye lens 8, The 2nd 
drive system 23 sets up the magnification of the afocal zoom lens 5 based on the instructions from the control system 21, and the 
4th drive system 25 sets up the focal distance of the zoom lens 7 based on the instructions from the control system 21. Where a light 
volume loss is suppressed good, in order to restrict a secondary zona-orbicularis-like light source, the 5th drive system 26 rotates a 
turret based on the instructions from the control system 21, and positions a desired zona-orbicularis aperture diaphragm in a lighting 
optical path. In this way, a secondary zona-orbicularis-like light source can be formed without almost carrying out a light volume loss 
based on the light flux from the light source 1, and zona-orbicularis Lighting Sub-Division can be performed, without almost carrying 
out a light volume loss in the aperture diaphragm which, as a result, restricts the light flux from a secondary light source. 
[0076]lf needed, change the magnification of the afocal zoom lens 5 by the 2nd drive system 23, or, Zona-orbicularis-like the size and 
zona-orbicularis ratio of a secondary light source which are formed in the backside focal plane of the fly eye lens 8 can be suitably 
changed by switching the micro fly eyes 6 and 60 by the 3rd drive system 24, or changing the focal distance of the zoom lens 7 by 
the 4th drive system 25. In this case, a turret rotates according to change of the size of a secondary zona-orbicularis-like light 
source, and a zona-orbicularis ratio, the zona-orbicularis aperture diaphragm which has a desired size and zona-orbicularis ratio is 
chosen, and it is positioned in a lighting optical path. In this way, without almost carrying out a light volume loss in formation and its 
restriction of the shape of zona orbicularis of a secondary light source, zona-orbicularis-like the size and zona-orbicularis ratio of a 
secondary light source can be changed suitably, and various zona-orbicularis Lighting Sub-Division can be performed. 
[0077]the basis of the optimal resolution and the depth of focus — 4 — when illuminating very much, the 1st drive system 22 is 
based on the instructions from the control system 21 — 4 — the diffraction optical element 40 very for Lighting Sub-Division is 
positioned in a lighting optical path. And in order to obtain the secondary light source of the shape of 4 poles which has a desired size 
(outer diameter) and form (zona-orbicularis ratio) in the backside focal plane of the fly eye lens 8, The 2nd drive system 23 sets up 
the magnification of the afocal zoom lens 5 based on the instructions from the control system 21, and the 4th drive system 25 sets 
up the focal distance of the zoom lens 7 based on the instructions from the control system 21. Where a light volume loss is 
suppressed good, in order to restrict a secondary 4 pole-like light source, the 5th drive system 26 rotates a turret based on the 
instructions from the control system 21, and positions desired 4 pole aperture diaphragm in a lighting optical path. In this way, a 
secondary 4 pole-like light source can be formed without almost carrying out a light volume loss based on the light flux from the light 
source 1 , and 4 pole Lighting Sub-Division can be performed, suppressing a light volume loss good in the aperture diaphragm which, 
as a result, restricts the light flux from a secondary light source. 

[0078]If needed, change magnification of the afocal zoom lens 5 by the 2nd drive system 23, or, 4 pole-like a size and a zona- 
orbicularis ratio of a secondary light source which are formed in a backside focal plane of the fly eye lens 8 can be suitably changed 
by switching the micro fly eyes 6 and 60 by the 3rd drive system 24, or changing a focal distance of the zoom lens 7 by the 4th drive 
system 25. In this case, a turret rotates according to change of a size of a secondary 4 pole-like light source, and a zona-orbicularis 
ratio, 4 pole aperture diaphragm which has a desired size and a zona-orbicularis ratio is chosen, and it is positioned in a lighting 
optical path. In this way, where a light volume loss is suppressed good in formation and its restriction of the shape of 4 poles of a 
secondary light source, 4 pole-like a size and a zona-orbicularis ratio of a secondary light source can be changed suitably, and 
various 4 pole Lighting Sub-Division can be performed. 

[0079]When carrying out usual circular Lighting Sub-Division under optimal resolution and the depth of focus at the end, the 1 st drive 
system 22 usually positions the diffraction optical element 41 for circular Lighting Sub-Division in a lighting optical path based on 
instructions from the control system 21 . And in order to obtain a secondary light source of a circle configuration which has a desired 
size (outer diameter) in a backside focal plane of the fly eye lens 8, The 2nd drive system 23 sets up magnification of the afocal zoom 
lens 5 based on instructions from the control system 21, and the 4th drive system 25 sets up a focal distance of the zoom lens 7 
based on instructions from the control system 21. 

[0080]Where a light volume loss is suppressed good, in order to restrict the secondary light source of a circle configuration, the 5th 
drive system 26 rotates a turret based on the instructions from the control system 21, and positions a circular opening diaphragm of 
a request in a lighting optical path. In using the tris diaphragm to which the diameter of a circular opening can be changed 
continuously, the 5th drive system 26 sets up the opening diameter of a tris diaphragm based on the instructions from the control 
system 21. In this way, the secondary light source of a circle configuration can be formed without almost carrying out a light volume 
loss based on the light flux from the light source 1, and circular Lighting Sub-Division can usually be performed, suppressing a light 
volume loss good in the aperture diaphragm which, as a result, restricts the light flux from a secondary light source. 
[0081]The size of the secondary light source of the circle configuration formed in the backside focal plane of the fly eye lens 8 can 
be suitably changed if needed by changing the focal distance of the zoom lens 7 by the 4th drive system 25. In this case, a turret 
rotates according to change of the size of the secondary light source of a circle configuration, the circular opening diaphragm which 
has an opening of a desired size is chosen, and it is positioned in a lighting optical path. In this way, suppressing a light volume loss 
good in formation and its restriction of a circle configuration of a secondary light source, a sigma value can be changed suitably and 
various usual circular Lighting Sub-Division can be performed. 

[0082]As mentioned above, in the illumination optical device of this embodiment, deformation illuminations, such as zona-orbicularis 
Lighting Sub-Division and 4 pole Lighting Sub-Division, and usual circular Lighting Sub-Division can be possible, suppressing a light 
volume loss good, and miniaturization and reservation of good optical performance can be reconciled. Therefore, in the exposure 
device of this embodiment, the resolution and the depth of focus of a projection optical system suitable for the minute pattern which 
should carry out exposure projection can be obtained, and good high projection exposure of a throughput can be performed under high 
exposure illumination and a good exposing condition. 

[0083]The wafer which passed through the process (photolithography process) of exposure by the exposure device of an above- 
mentioned embodiment, After passing through the process to develop, a wafer process is completed through the process of resist 
removal of removing the unnecessary resist after the process of etching of removing portions other than the developed resist, and 
the process of etching, etc. And dicing which was printed in the actual assembly process after the wafer process was completed and 
which cuts and carries out chip making of the wafer for every circuit The semiconductor devices (LSI etc.) as a device are eventually 
manufactured through each process, such as bonding which gives wiring etc. to each chip, and packaging which carries out packaging 
for every chip. 
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[0084]Although the above explanation showed the example which manufactures a semiconductor device according to the 
photolithography process in the wafer process which used the exposure device, According to the photolithography process using an 
exposure device, a liquid crystal display element, a thin film magnetic head, image sensors (CCD etc.), etc. can be manufactured as a 
micro device. In this way, since projection exposure can be performed under a good exposing condition in the case of the exposure 
method which manufactures a micro device using the illumination optical device of this embodiment, a good micro device can be 
manufactured. 

[0085]In an above-mentioned embodiment, it can constitute so that the diffraction optical elements 4, 40, and 41 as a light flux 
sensing element and the micro fly eyes 6 and 60 as the 1st optical integrator may be positioned, for example in a lighting optical path 
by a turret system. For example, the change of the above-mentioned diffraction optical elements 4, 40, and 41 and the micro fly eyes 
6 and 60 can also be performed using a publicly known slider mechanism. 

[0086]In the above-mentioned embodiment the form of the microlens which constitutes the micro fly eyes 6 and 60 is set as a right 
hexagon. This is because it cannot arrange densely but a light volume loss occurs, so the right hexagon is selected as a circularly 
near polygon in the microlens of a circle configuration. However, the form of each microlens which constitutes the micro fly eyes 6 
and 60 can use other suitable form which includes rectangular shape, for example, without being limited to this. Although refracting 
power of the microlens which constitutes the micro fly eyes 6 and 60 is made into positive refractive power in each above-mentioned 
embodiment, the refracting power of this microlens may be negative. 

[0087]In the above-mentioned embodiment, when performing usual circular Lighting Sub-Division, the diffraction optical element 41 is 
positioned in a lighting optical path, but use of this diffraction optical element 41 is also omissible. In an above-mentioned 
embodiment, although the diffraction optical element is used as a light flux sensing element, a micro fly eye and a dioptrics element 
like microlens prism can also be used, for example, without being limited to this. By the way, the detailed explanation about the 
diffraction optical element which can be used by this invention is indicated by the US,5,850,300,B gazette etc. 
[0088]In the above-mentioned embodiment, the aperture diaphragm for restricting the light flux of a secondary light source is 
arranged near the backside focal plane of the fly eye lens 8. However, the composition which omits arrangement of an aperture 
diaphragm and does not restrict the light flux of a secondary light source at all is also possible by setting up small enough the cross- 
section area of each lens element which constitutes a fly eye lens depending on the case. 

[0089] Although the secondary light source of the shape of zona orbicularis or the shape of 4 poles is formed in illustration in 
deformation illumination in the above-mentioned embodiment, The secondary light source of the shape what is called of plural poles 
or the shape of a multi-electrode like the secondary light source of the shape of 2 poles which consists of the two surface light 
sources which carried out eccentricity to the optic axis, and the secondary light source of the shape of 8 poles which consists of the 
eight surface light sources which carried out eccentricity to the optic axis can also be formed. 

[0090]Although it has composition which condenses the light from the secondary light source formed in the position of the aperture 
diaphragm 9 of the condenser optical systems 1 0 in an above-mentioned embodiment, and illuminates the mask 1 1 in superposition, 
Between the condenser optical systems 10 and the mask 11, a lighting field diaphragm (mask blinds) and the relay optical system 
which forms the image of this lighting field diaphragm on the mask 1 1 may be arranged. In this case, the condenser optical systems 1 0 
will condense the light from the secondary light source formed in the position of the aperture diaphragm 9, a lighting field diaphragm 
will be illuminated in superposition, and a relay optical system will form the image of the opening of a lighting field diaphragm on the 
mask 11. 

[0091]In an above-mentioned embodiment, although, two or more element lenses are accumulated and the fly eye lens 8 is formed, it 
is also possible to make these into a micro fly eye. With a micro fly eye, two or more very small lens sides are provided in a light 
transmittance state board with techniques, such as etching, at matrix form. Although there is no difference in a function between a fly 
eye lens and a micro fly eye substantially about the point which forms two or more light source images, the size of the opening of one 
element lens (very small lens) can be made very small, It is points, like that a manufacturing cost is substantially reducible and 
thickness of an optical axis direction can be made very thin, and a micro fly eye is advantageous. 

[0092]ln an above-mentioned embodiment, although the afocal zoom lens 5 as the 1 st variable power optical system and the zoom 
lens 7 as the 2nd variable power optical system are used, magnification can also use the 1st fixed optical system and the 2nd optical 
system of immobilization of a focal distance, without being limited to this. 

[0093]Although the above-mentioned embodiment explained this invention taking the case of the illumination optical device in which 
deformation illumination like zona-orbicularis Lighting Sub-Division or 4 pole Lighting Sub-Division is possible, this invention can be 
applied also to the illumination optical device which performs only usual circular Lighting Sub-Division, without being limited to 
deformation illumination. Although the above-mentioned embodiment explained this invention taking the case of the projection aligner 
provided with the illumination optical device, it is clear that this invention is applicable to the common illumination optical device for 
carrying out uniform illumination of the irradiated planes other than a mask. 

[0094]Now, in an above-mentioned embodiment, since wavelength, such as a KrF excimer laser (wavelength: 248 nm) and an ArF 
excimer laser (wavelength: 193 nm), uses not less than 180-nm exposing light as a light source, a diffraction optical element can be 
formed with silica glass. In using the wavelength of 200 nm or less as exposing light, The silica glass in which the silica glass and 
fluoride in which a fluorite and fluoride were doped in the diffraction optical element, and hydrogen were doped. Structure 
determination temperature or less by 1200K And the silica glass whose OH radical concentration is not less than 1000 ppm. Structure 
determination temperature or less by 1200K And the silica glass whose hydrogen content child concentration is more than 
1x10 17 molecules/cm 3 , Structure determination temperature or less by 1200K And the silica glass whose level of chlorine is 50 ppm or 
less, And it is preferred to form with the material in which structure determination temperature is 1 200K or less, hydrogen content 
child concentration is more than 1x10 17 molecules/cm 3 , and the level of chlorine is chosen from the group of the silica glass which is 
50 ppm or less. 

[0095]About the silica glass whose structure determination temperature is 1200K or less and whose OH radical concentration is not 
less than 1000 ppm. It is indicated by the patent No. 2770224 gazette by applicant of this application, and structure determination 
temperature or less by 1200K And the silica glass whose hydrogen content child concentration is more than 1x10 17 molecules/cm 3 , 
Structure determination temperature or less by 1 200K And the silica glass whose level of chlorine is 50 ppm or less. And structure 
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determination temperature is indicated by the 1 200 according to applicant of this application about silica glass whose hydrogen 
content child concentration are K or less and is more than 1x10 17 molecules/cm 3 and whose level of chlorine is 50 ppm or less patent 
No. 2936138 gazette. 
[0096] 

[Effect of the Invention]As explained above, in the illumination optical device of this invention, deformation illuminations, such as 
zona-orbicularis Lighting Sub-Division and 4 pole Lighting Sub-Division, and usual circular Lighting Sub-Division can be possible, 
suppressing a light volume loss good, and miniaturization and reservation of good optical performance can be reconciled. Therefore, in 
the exposure device incorporating the illumination optical device of this invention, the resolution and the depth of focus of a 
projection optical system suitable for the minute pattern which should carry out exposure projection can be obtained, and good high 
projection exposure of a throughput can be performed under high exposure illumination and a good exposing condition. In the 
exposure method which exposes the pattern of the mask arranged on an irradiated plane using the illumination optical device of this 
invention on a photosensitive substrate, since projection exposure can be performed under a good exposing condition, a good micro 
device can be manufactured. 
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* NOTICES * 

JPO and 1NPIT are not responsible for any 
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1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
. 3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] lt is a figure showing roughly the composition of the exposure device provided with the illumination optical device 
concerning the embodiment of this invention. 

[Drawing 2] lt is a figure explaining an operation of zona-orbicularis Meiyo's diffraction optical element 4. 

[Drawing 3] Two or more aperture diaphragms are the figures showing roughly the composition of the turret arranged at circumference 
shape. 

[Drawing 4] It is a figure explaining an operation of the afocal zoom lens 5. 

[Drawing 5] The light flux which carried out oblique incidence to the entrance plane of the micro fly eye 6 is a figure showing signs 
that a zona-orbicularisHike radiation field is formed in the entrance plane of the fly eye lens 8. 

[Drawing 6] It is a figure explaining the magnification of the afocal zoom lens 5 and the focal distance of the zoom lens 7, the size of 
the radiation field of the shape of zona orbicularis formed in the entrance plane of the fly eye lens 8, and a relation with form. 
[Drawing 7] It is a figure explaining an operation of the diffraction optical element 40 for 4 pole Lighting Sub-Division. 
[Explanations of letters or numerals] 

I Light source 

4, 40, and 41 Diffraction optical element 

5 Afocal zoom lens 

6 and 60 Micro fly eye 

7 Zoom lens 

8 Fly eye lens 

9 Aperture diaphragm 

10 Condenser optical systems 

I I Mask 

1 2 Projection optical system 

13 Wafer 

20 Input means 

21 Control system 
22-26 Drive system 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a figure showing roughly the composition of the exposure device provided with the illumination optical device 
concerning the embodiment of this invention. 

[Drawing 2] It is a figure explaining an operation of zona-orbicularis Meiyo's diffraction optical element 4. 

[Drawing 3] Two or more aperture diaphragms are the figures showing roughly the composition of the turret arranged at circumference 
shape. 

[Drawing 4] It is a figure explaining an operation of the afocal zoom lens 5. 

[Drawing 5] The light flux which carried out oblique incidence to the entrance plane of the micro fly eye 6 is a figure showing signs 
that a zona-orbicularis-like radiation field is formed in the entrance plane of the fly eye lens 8. 

[Drawing 6] It is a figure explaining the magnification of the afocal zoom lens 5 and the focal distance of the zoom lens 7, the size of 
the radiation field of the shape of zona orbicularis formed in the entrance plane of the fly eye lens 8, and a relation with form. 
[Drawing 7] lt is a figure explaining an operation of the diffraction optical element 40 for 4 pole Lighting Sub-Division. 
[Explanations of letters or numerals] 

I Light source 

4, 40, and 41 Diffraction optical element 

5 Afocal zoom lens 

6 and 60 Micro fly eye 

7 Zoom lens 

8 Fly eye lens 

9 Aperture diaphragm 

10 Condenser optical systems 

II Mask 

1 2 Projection optical system 

13 Wafer 

20 Input means 

21 Control system 
22-26 Drive system 
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T. S^Xt^/M yT7V—?t UT0774 7 
X'%hVV-%&%X'h'>X. 74 7V77474 60) 

m&tmt 77^ 74 wyxs^fMu&Mt * 

7ti, 74 ? 07 54 74 6 c9f«l£ffl£: 7 54 74 
U y X 8 OAlfE fc *H*Wfc 7 - V xSSftoHffi CIS 

[0027] Ut#oT. 74:707 54 74 

it. x-j>.is>x7<7>fflmj!miz. u^xitvyjr 
4V-yX8tf>A8«t;:. 3BdAX*+i|l»tLfclMIMjttf5 

£0«l##0!SIFO*S8U:. X-A 

u y x 7 <z>££Eitctic# \,xmcth . x-a 
u^x7ojs(ufiaai«aHWi« si»»2 i t^<m^z 

ao'V^Tttf^ri)ll4ig»^2 5t=J: Ofrfefc*. 
[0 0 28] 754 741^X814. jEOJBJfAfcSr*- 
3> ^Roi^ yXx wyf *fWPt=B.-3i8E«fc:B5!l1-4 
£fcfcJ:oTllWtiUvO**. 75474l^yX 

smm-h&vyx^istyut. -?x7±iza\^x 
h. *tz. 7 54 74uyX8£ft{£-F.&&vyxxu 

*yv ff)mm<7tt\t?jAm\iz{m* tmtzmmzm 
*3*u ttmwmmmizawzftvfcvmmzm 

f&ZtlX^l. 

[00 29] IfctfoT. 7 54 74 l^yX8{;:A8tL 

tMitmcvu yxxu* >hizx *) -<&mtzftm 

8 ft. ftsfcWJt Lt&wxx.\sX y KotiMI 
Cii£ft«3l^**vWl#lS8*l*. COLT. 75 
4 74 U>-X8^«^B5Wi. 7 54 741^X8 

Kj fc^o) jWPjRSh.*. £<0J:3fc:. 754 74 
yX8Ji. UltfXr^/M yTXU-7T'*>l>74 
?o7 54 74 6 <Df»&£®^j£8ft£m#&ft 



[00 30] 774 74 UyX8<9»mj5EJKJK£8 

titimnm9i,zj&ti>. z(omnm t )9it. %®a 

Xfc W&E^WIIhI 0 teEC -Tlftr 7 - V * h ( 0 

[0031] 03{i. «8aogaaso**Rj5i«{=a*8 

5rf«k-5K. hS«4 0 Ofcti. 0**KTS 

Rft6*lTV»*. *-U-ybS}£4 0 0{i. 

OSrl •j*WAX(c 3 Fff ! fc«Kia 0 fcHK'srigfcflWtS 

flTV**. Lfc^t> *-Wh*«4 0 0£BMR3 

mnmzmwmwzQ.m#>-t&c\ttfx'%z. % 

*5. h*«4 0 0 ©EMEU. (HWjR21i»6*> 

S. 

[0032] 9-V 'V hWfc4 0 0 fctt, ^#JtC0M^ 
43Otf)H#BI!P|R»)4 0 1. 4 0 3*5«fctf4 0 5#© 
JSSflTV**. KMWHPR94 0 114. rll 

A21 <0li»Jtt^4l*»«<«fii««tfrt-*. 
•MWBPR9 4 0 3J1. r 1 2/r2 20«m^-f 

a****)********. ttSISPRO 4 0 5«i. 

r 1 3/r 2 1 £0fl^it^*-r.|»fii^«W2affii|S^* 

■fa. 

[0 033] 4fc. 7-l^>-/hS«4 0 0(C{4. MffiJt 
tf0M=5r§3oc7)4fiE^PR , )4 0 2. 4 0 4i><J:^4 0 
6*gB*8fLTV^i. i^T'. 4fiESPR0 4O2fi:. 
rll/r 2 10»it2r^tl»lfe^^JlSrtfcfcV'>T 
4 o*>0H> LfcPBW8J«H«**t-* . 4 figffiPR 0 4 
0 414. r 1 2/r 2 2 comit^t 
CfcVvC4ooffi&LfcP3J8©fi®i££*-fS. 4SS 
PR04O6ti. r 1 3/r 2 1 «»»lt*#f 4«» 

6. 

[0 0 34] 8^fc. ^-L^yhS«4 0 0 fcti. 7c^ 
8 (PS) <0*Sr*2o«)PWBI!nfi04 0 7tJj:V4 

0 8imf&*ivz^i. zzx\ nmmQn r )4ont 

4 0 8fi2 r 2 1 n±% Z<r)VWi£&ffi8& : &+h . 
[00 3 5] LfcA^T. 3O^)««HPR0401, 
403iJiLf405c7)d*>(7)l O(0«i»B8P«? 0 ^SS? 
LTS8Wjanp«ifc:fflaBW>"f * i t ± 0 . 3-7^^ 
4<eflfit&rf&»»3ieKfejE«CKIR («]£) LT. 
IMUkcoR** 3 W«<0lMR!BW^ff a i t tfX'% h . 
30^4SMPR04 0 2. 4 0 4fc<J:tf4 0 6 
^ct) l O04ffifflP«?'3 ^SS?UT!SHB3t8&rtfcffi 
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<04fiSB9I£fr 3 2rxOH#fi! 

am o 4 o 7 i o 8 <r> o *><d i •oz>rogisp& o 

[00 363 01TJ4. 7y4T<iUyX8<?>&MMj!i. 

mt,zik®#wz&ffl$tfmf8.zti&<?)'C. mam 9 b 

LT3ocoiS^PSE04 0 1. 403fcJ:V405^ 
fc'U H3fc^r^-W-y hoailSttWSWT*-jT. 

W* - fc W»riE*HJP« "3 £SB98IWrtfcH53» WR 

>omxi>£\,\ z^z. 2oon»aip«»)4 0 7*j 

J:tf4 08fc:fUT. PBB8HPSS»ttWCS5ftS** 
[0037] $&««<7)|WPS5 (Tftg&gP) fctftSMP 

1 1 5rSfiWt%-H§Bj-f 4. TX^ 1 ico 

jww*. z o LT. saKt^Ri 2w3ettAXfcex 

■T*¥ffl (XYTffi) rtfcfiV^T^M 3*Z«5ctt 

[ 0 0 3 8 ] ftfc. -»ET14. VvbtWXf77' • 
7VF • 'JK-h^SfcLfctf-jT. ^*^S3Ci 

JgKT&O, 74 l<-yX80#l'yXxi^y h 
y»3f«4, ^btybXTvT- TVY ■ x**v}& 

[0 0 3 9] 114(4. |a»f#**F4a»&V'f?u7? 

474 607Jtffi4T<o««*«ewt5rrBrcft-5 

*4. 04 (a) (CS^i^C. EHJBKSW^fcJ: 1 ) 
««lAXt:»L"C«*oO*ft*"C*fei9>6*l*UCjB^ 
TH*f$il/aaW4» «*ml<077*— JfrA'X-AU 
yX5£tfU:gL 7-f?n77^f7>f 60Alffifc. 
XMA Xt»LT«*5 1 OWSfltC* & ifirflfciB 
-5T$W>Alrt"i>. .KOtSK. 74 7 D7 54 74 <D 
AJtiBt:»*$fi4!RBWfcfe* $«4 d 1 f*>5. 



[0040] id?. 04 (b) fcjK$\fc3fc % 77* 
-i])VX- A U yX 5 <0fg$£ m 1 m 2 MMlS* 
4 b > 0*f*¥*F4 fci OMSttAXfcSLTftfta*) 

m2<977*-#/i'X-AVyX5£:frU:fiL 74 7 
07^7^ 6comWlz%MAXI,z1c$lXft£e2(r) 

wft8??3>t>v}>&-%mz®'>xffi)t>mt&. z<nb% 

fc. 74 7 U7 54 74 6 OAlfffifc^&SixSS®?) 

[0041] ZZX\ 74 7075474 6£)Aftfffi^ 
*»t*0>AIW3*0 1fcJ:tf02, Ml«:74 7o75 
-f 74 6OAItffit»fi£$tl*HgH<07c#$ d l&W 
d2fc. T7 *-i])VX-K\s>X^cr)i&Qm\ii£lf- 
m 2**5181(34. iJWiS ( 1 ) fcJ:lM2 ) fciprTOff 

<92 = (ml/m2) • <9 1 (1) 
d 2= (m2/ml ) • d 1 (2) 

[0042] A (1) £#8g-f£fc. 77*- #;PX- 
&lsyX5ff)&mm£mmiZ$tftZit?>ZbliZX*). 
74 7 P 7 94 74 6 tf5A»ffi^«03l5*OAIft!*<9 * 
»M«tC^-fb?*S £ t 5 £ b tfbfrh . 

[0043] 0514, "74 7075474 6 *>4>RJP& 

54 74 60Atfffifcf^AfltL?t3^* { 7 54 74 1/ 
yX8OAIffit«#^H?JiS:^-rS«^$r^-r0 
X'hh. 05 (a) (CtJV^TSWCa^Jldfc:. V4^ 
D754 74 6«AJtBt»LTBf3g»*l<ll*»^»f3e«) 

U 754 74UyX8WAStffltt3V^T3KWAX*>t 

[0044] last (4. 05(a) (C«V^K»1^f- 
J:5£. V4 70754 74 6^A*fHC(43iattAXt 

->T3Km* J fW>ASt^4. LJt^-aT, 754 74 l^y 
X8<0Alttit{4, 05 (b) t^-fctp^s 3KttAX 
5r4"^t Lt^^mtm^tih^b^h. * 
it. 7 54 74UyX8oa»^SffitJ4. A9flSfc» 

f&ztitzmfbM iM>mtn-mmimi&zti?> z b 

lz%&. 

[0045] ±»UfcJ:dt» 75474U^X 

8<Dmm}mco&mzmmtLtzmmnm9iz 
i4. m#<?>-#%mzttfotimmmu$ (03 

(040 1, 4 0 3, 4 0 5fc«R) jWttfiSilTHi. 
£ 5 LT . «» 1 j&» Ot^^-^v ^■CIJfc^ if 3K4JS 

*-r * £ 1 4 < m»tt<oz8o(«fc#** * £ t *5t- 
* . •e<7)^szy3es*^07t«^»-rs^i : iBPS 
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ff?dka ? T'#l>. 

[0046] 0614. Etf*^i 1 4A>A>774 74l' 
yX8 OAtfffia Vnffift&mtlMz^tmX'b -> X . 
77* —ftlUX—Al' >X 5 (Dfemti i. TfX-A, V VX 
7 commit 7 54 74 UyX&ff)7Jtffi£&&Ztl 

>x5ZftUz&. %MAXizm,xnmeT??4 ?a 

754 74 6 KAIff*. tt£hh. HWf***F436» 
&<0Sf{ti3fcjfc?)68Cl8N A 1 {4, N A 1 = n ■ sina 

(n(iffira<ojB*f*> x-mti&. 

[004 7] v4 ?u7y474 614. ^4X (iEAS 

Sttff l<oa/M/yX*>^«*S<lTV^4. 7^07 
54 74 6fcJ: 9»iKSixfc4HHB36»t#aJAa«T» 
HiSflfc+'MSiMi, iOSKEStf 2<F>X-1±V>X1* 
ftLX7y 474 X/VX&OXWmizmi-h. 
#3KiBi*^4"t3£StSttT0r^<Oftg®BS (ftASttiJ 
ft** ) TWajS*ufe*ll»t 75>f 74 l^yX8cOA 
»BK*t4. d-5LT, 75474 l">-X8?)Afl*ffi 
fcfcftl>3fe3&9AI«Hf4, 3tt*AX*»fey»*St+ 
tobLX&bZtmvmtlth. -ftchh, H5 
(b) CjjcT J; -3 fc. 754 74 U>-X80>AtffitaB 

fcztiim. ih^x\t77 474v>xsoimmM. 

[0 0 4 8] k.I<*>T\ V4 7D754 74 6M*fr* 

h = 4>\/4>o= (2y-b) / (2 
= {2f 2 • sin( a/m) - (f 
/ {2f 2 • sin( a/m) + ( 
= {2sin(a/m) -a/f 1 > 

/ { 2sin(a/m) + a/f 1 > 
= {sin(a/m) — 0 } / {sin(a 
[ 0 0 5 3 ] *fc . «#^Zi**H*)rtg*o 14, & 
*#(8>T*S*l*. 

«o = 2y + b 

= 2 f 2 • sin( o/m) 
= 2 f 2 -sin( a/m) 

[0054]5U8) feS3Wit. »tf>:*(9) fc* 

f 2 = <£o / { 2 sin( a/m) + ( 
£3LT. 5U4) iiW (5) tmt&t. X-A 
U >X 7 cOMJmifc f 2 #3Hfrf 6 i fc =2: < 7 7 * 
JlX-2* U>X5 <7&l*mtmimtet 1 k . (MM**) 

itt&Zttffrfrt. tthh. 7~7*—tl)\/X-KV 
yX5<7)®mmt31Z$>{k2 4 £ fc 0 , H^flcO 

00 ) tJitf*o»« (isffttA) *i:«,fc:gaE-r*c 



m<?5l!#A«9¥ftS:rfc-?-£k. "747Q75474 6 
flBCIfttt. n -sinrrattfii. #HJMT'i4. 
Y4 7 o 7 5 4 74 6 flAltfflK AltflS 0 X-mJift 

frhmtfmth < &tta fc mxsitfxm-h > 

fcfe. "74 7 0754746 0»JS**l**3lfi«*» 

6o»as*jRoft*jifaj«*i8i4, -74 7075474 
e^coxmnmet. ±ml^-?4 7075474 6« 

Un • sinr fcWJ6-f*ft*r k««!BlT*S*l 
S. v4 7o754 74 6tJ:')^$^# 

%Mi)'t><7)Siiii%&e>mn&NA2\i. NA2 = n • si 
n/9T"*£ill>. 

[0049] zzt, mm&m^frbm&xsK?) 

ffl$n?)*ft (EWrft) a fc "74 7 0754 74 6^0 
toPttt, ( 3 ) TS*tSKfcWft4 

(9= ( 1/m) -a (3) 

[0050] *»«<oz»:3taw>*s yt* itf* 

<0Bb«. &?)5S ( 4 ) iiiXf ( 5 ) X' *il?timZ1X 

t. 

y=f 2 • sin<9=f2- sin(a/m) (4) 

b= (f 2/f 1) • a (5) 

[0051] 74 7o754 74 6t<k0^ 

^(6)T-^Sil5. 

0= (a/2)/f 1= (a/f l)/2 (6) 

[0052] i£tf-oT, iMfftt^zasifiawrta* i 
k^ft*ot«ottt«jgsiiitt»ifcAtt. a^e 

(7) f«§itl». 

[»1] 

y + b) 

2/f 1 ) • a> 
f 2/f 1 ) • a> 



/m) +/8} 
[»2] 



(7) 



+ (a/f 1) • f 2 
+ 20 • f 2 (8) 

a/f 1 ) > (9) 

[005 5] * (4) «iV (5) *«SWft 
k. 77*-^^X-AL-yX50^m*^t;-ri.C: 

k^<X-AkyX7co^iSMf 2«ft*WW-* 
k . W®->ik<r>-<!tfmcn>l& b& XV ytft 

f 2 tcJt^J LTKflrt - * C k T^ip 
X-AUyX7<om*E8if 2t£m:$Z{t2ltZ>Z 
ktckO, «MI«wZi«t««)»tt (IMWtA) 
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[00 5 6] s&c, am aw (9) *m.-ti 
t. -&?>±*z<wm<t>o chut* (9 ) comm 

-J>U>X70)M£Smf 2bi$tf£iHt&Zblzi 

(IMWtA) «tt«J5t*£fc^ 
[00 5 7] fc<I4T, 0Sf5t^i 1 4*^c7)ltaJ3i^ 

4. ajMfcfcitfTflWJfc**^**:. @ 

i:itf7«J:0fc**< j ar4f:. 77 *-;>7/kXX-A 

uvx 5 <mtf±% <%<o. u^ximstfimit tx 

Lto. 

[00 58] ±jSW* (8) *«K"tii:iJ*» 

4i3C, aa%i:;Uf7*.J:»)«>**<fcSfc. ttff 
«<9Z3OKS0>i'hS* o fc»£<0«c«ofc*>fc, X- 
Al^X7<D£u£80If 2*/Jv&<Rj&*-4<fclW t a 
4. X-Al^>'X7«0r^F-twC-*«/h 
WT. X-Al^X7W$8ia*H&fc&oT 
U* 3 . ±$«5S ( 8 ) tJMtfft t fc*>4 i 3 

yatasows* o ^m^fic^^c. x-avv. 

X70«y±fJBfif 2£*#<t&£-^#g#fc4. *0 

m#±mixLio. 

[0059] mz. -?J?u7y4T4 6l,z£')m&Z 
^4#3feS*»A><0MaJ3E5ROfycSttf}«S/3tt. ssiw 

&ft rastflg ct *u* . fc t * or i s~ 3 Kassn a c 
tjv^TBagsii*. ±^ws (6) z&mtittofrb 

ft^ft^^^fc^SHC^O. invctt-74 7 07 
7 4 7 4 6 OK£tfB£(c& n X I * o . 
[ 0 0 6 0 ] ttz , ±^«0^ ( 8 ) Sr«it4 k*>*»* 

<9Zft«^l«*o£m£OffiC&o£tf>C. X-A 
U VX 7 OguSBEIi f 2 < 4 . 

X-A V >-X 7 <D)5rgO f 7 < 
arO-frc, X-AVyX7<0S8Jt*Mfc i 5r-5TL^ 
o . -S\ ±a<0« ( 8 ) £#0ff 4 fc *>*»* ±5t. 
/3 t t(f 1 ft* 0 t>/h§ < &4 b . IS»tt<0Z}J0t 
iJgctfl-g 0 o £Jft&ZHIfc&ofctf>fc: . X- a y X 7 
O&SSBi f 2 £*S < RfctiffcRtf** . 
Jft. X-AUyX7O^^^<=5r0, WvcliiSf 



[0061] ja±<0J: 3 ^llMWSIItt&i&ffi 

i >3^§fL4=&7feiS* 1 'c.^tli7Km^ft7clifffiftS^ 
«t "3 < t&£-f4 £ t £ t *%A>4 . 

SWtSfc* HISf3e^^4*>4 > WMaJ3KS<OlBPlSN 
Al=n • sinaSr, -?4 ^075^7^ 6CJ: OJ&S 
§tL4*^S*^«0ftfai3Km^PScNA2 = n - sin 

»=5r^ttfgcoil«t 4 £ b **T'# 4 . 

[ o o 6 2 ] b zzv. wmz&mmMkitia. 

•74 9xi7y47A kvttmMsVXn&imRkt 1 * 
3 . 3 mmSKfcRjer 4 £ t fc J: 0 . -d^M<r>^ 
Jt*fcki.«l/2-2/30tEHtH-5TiiaWfcS 
ft$*4£t 3^^=5:4. 7-f?n77-f7>f 
6 c7)«■^SS^/J^ 1/ yX^a^SBS f 1 & 5 . 0 m mSKCg 

- 3 /4 <0«fflCSo TilKWt SftS 4 £ t J^fg 
C**. *£T\ *HSt?g^T{i, ^fcitf^SSgStf 
13^3. SmraglOV-f 7077474 6fc&£SBi 
fl**5. 0mmmSWV47n774T4 6 0fcSr-l?] 

[0 063] LfctfoT, -7470754746*^ 

Zfc b Hi 1 /2- 2 /3 Tai»«fcSCft; 
§-»i-4C:i:*>*5r«gT'*4. v4 70754 74 6 
fcftxTv4 7D754 74 6 0 *!!8!B3ia»+t»3tt 
4fc, Z<J?3iaW)l6fftt*fctitf2/3~3/4<0« 

lt . *mmmx'\t . zwtmnmitm bun 

/ 2 ~ 3 / 4 <0ffiffl KH o T3W WfcSMttf * 4 £ i: *» 
^rHT*4. 

[0064] bzbx\ w&Ltziio^ m%&m=F 

^4 1 b®Wl*H&£®j8.ZtiX^i>. OT. EST 
3t^ST4 izKtxmifrK&m^ 0 »eHB%K4>(cS 

ST4 £ b te J: oT»«i* 4ffiSHCov>TfMfcK 
BHt4. 

[0065] 4 WBffl<0@M3fc^^4 Ott. 07 
( a ) tC^-T J: a C, *MAX fc WtSSAlt Lfcffl 
v^lfiJK*. Sf«cOltai«Ct^* ? oTjit?4oc03t^C 

3^-r4. mwt&b. mtAxiz&ixmmjtiUz 

»i&mt* %MAX£>P>bbLXWft&X^%.0)4^ 
o*idt«oT0JfSii, 4-?<088^3fciBfc$r4. $t 
fcBatctt, 0i»f7t^^4OCSiIAStL^aiv^ 
tt4O03K3Rtc5B»8*i. Ea*f«**F4 0 



(9) H2 002-75835 (P2002-7583 5A) 



[0066] Ltztf-tx. mi (b) nzTp-txoiz. m 
yxsnmmzA^.tmiffim-h. z<n4-o<nm. 

uyX5*^*fii};*fu ay y 6 (tti\i 

6 o ) mmmwizm i zmMzm&fh . 

[00 6 7] V>f ?P77-f TA 6 (£fct46 0) tfjft 

wmtmizB&z tuzm i zwtftMt)* t> <7)%mt , x- 

Al/>X7£tfLT7^74W>'X8?)Alfffifc. * 
$4 A X fcft LtMiWC» U: 4 o*>SfflW» fcfc 5 4 
®K<D!iS£»rS. -eofeS, 7:^741^X8 
Of&HguSffifcJi. AltWc^l£$ftfcMf?k{ai2r|§lt 

3t3ss^^i-^z»:^jii, t%b*>ymAxizmxtt 
[0068] ^rfc, ^m^m^4t^mt^m^4 

•)9aA.^i?mtA%^.5. B3Pi&9 9aJ4. H3 
fc^-f 3-OCD4ffi||fiP3£94 0 2. 4 0 4*541/4 0 6 
*>^ltR£;h.£l0^4l&l?8P& , 5T&&. £<7)4 5 
fc„ 4»0Hfflc7)[HI^f^3|^4OS:fflV^^*&i,. % 
m 1 #>^5Bfifc»o*v vet* k ^k'^£*^l*-t l> £ k & 

<4®v&-&*m*Bf8.-tizttfX'Z. *<m$tL 
ftmfrt><nm.immhWium 9 *\,zmh%& 
®&z&mzm'i^4W8.mft 5 z tv?* & . 
[ 0 0 6 9 ] frfc . 4mmzmm.^\% (±* s ) 
biumst mm &%m-&mitmiz%. 
mthzttfxt*. -r&*>*>. 4m^.<r)z:d^mm 

4^OZaai£»0lMftBi, 4o<D®ftiIfc*Hg-f £ 
n^ttffifSrfc^^KSW*. 4oofflft?gfcF*381- 

§ mmm %b h ftmvit xh & . 

[ 0 0 7 0 ] £ 3 IX . fi^BgW^^fc 77 
*- ^/JW-Al/ >-X 5 <Dfg$m£^-ft:$-t h £ b fc4 

<o . 4 wft&zaaiawtfHa * 0 fc 4 # *&#jt a * k t 

IWS^ims. ifc. X-Ai^yX7?)3u5 
EHf 2£&fb£-£&£kfc4 9. 4«#*>z<K3Kaw> 
mitA*$3Z?Z>Zb%<*<r)9\&<t>o Z$Stf&Z 
bffX'th. 77*- ^X-Al^XSO 

fg$m fc X— A !✓ yX7 <O£U&g0i f 2 k £>ITOfc£ 
£ £ k fc4 9 . 4 ffitf<9Zi*3l»9ttg*o££HI:3 
*4 £ k&< *0«MKfcA«f(t*3Qer 4 £ k#T# 

s. 

[007 1] &^T\ EWr#?*?4 2 £1*4 0 fcfU 



S£ k fc J; oT#A>ft4a«n»«RBfcov^Tai!W- 
£>. R^JP*>l!]*f3l£**P4 Hi, AltUWSWfc 

ot, 0Jff3lS1^4 1fcJ:9»JfiS*ifcnJB3lSKtt. 
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&x'4mttnzv$(Mt:um-t&teMz. g sens 2 
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&. c 3 lt. miifrt><r>?mizm?^xiibA,zyt 
m^-fh z t =5r < 4 «R<oz»j3eat - k a< 
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X^llk^Hfc. Sl^nHSO (^*?7*?-f >Y) 
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